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Anticipatory and consummatory dissociation of hedonic experience may manifest as anhedonia in 
schizophrenia. However, it is unclear if this temporal dissociation of pleasure experience is also relevant in 
other symptoms like social anhedonia in the schizophrenia disorder spectrum. The present study applied 
two incentive delay tasks involving different incentive types (money vs. social affective images) to a sample of 
28 participants with elevated social anhedonia (SocAnh) and 38 healthy controls from a population of 476 
college students. The results showed that the SocAnh group had comparable anticipatory sensitivity and 
consummatory pleasure towards monetary incentives as the controls; but they exhibited significant decrease 
in both anticipatory sensitivity and consummatory experience to positive social affective images. These 
findings demonstrate the presence of a domain-specific deficit in people with social anhedonia towards 
social affective information, and suggest that incentive types could confound the findings on the 
dissociation of anticipatory vs. consummatory hedonic capacities. 



Humans are innate with the intrinsic desire for social affiliation and interpersonal interaction'. However, 
there are great individual variations in this desire. People who suffer from social anhedonia are known to 
have a diminished motivation for social affiliation and a lack of reward from social incentives^. This 
hedonic deficit is a core feature of schizotypy', and has been associated with risks for the development of 
schizophrenia''-''. 

Individuals with higher levels of social anhedonia tend to have lower levels of social support and social 
functioning'. They have difficulties in processing emotional facial expressions'", responding to and expressing 
feelings', and performing tasks requiring theory of mind" or working memory". The impairments in these critical 
affective and cognitive functions overlap to a great extent with those found in patients with schizophrenia. 
Therefore, it may be promising to further explore this important trait in order to know how the emotional 
alterations in schizophrenia extend across spectrum conditions and how hedonic deficits manifest in the early 
stage of schizophrenia spectrum disorders'. 

Recent findings have revealed an "anhedonia paradox" in schizophrenia in that patients usually have dimin- 
ished positive affect in self- report ratings and clinical interviews, but exhibit an intact ability to experience in-the- 
moment emotional stimuli in laboratory settings'". Several models have been proposed to account for this 
paradox, including theories of 1) anticipatory hedonic deficit, 2) emotion regulation deficit, 3) memory deficit, 
4) representational deficit, and 5) social-specific deficit". There is evidence supporting the dissociation of 
anticipatory ("wanting", the ability to predict future pleasure experience) vs. consummatory ("liking", "on-line" 
pleasure experience) hedonic systems. It has been postulated that the negative symptoms of schizophrenia could 
be largely related to deficits in anticipatory anhedonia'^, in that reduced brain activation to anticipatory reward is 
associated with higher severity of negative symptoms in schizophrenia'^ However, this "anhedonia paradox" 
have been investigated mostly in non-social domains, while social anhedonia might be a more relevant hedonic 
deficit to explain the trait negative affect in schizophrenia'''. 

Interestingly, despite the strong link between social anhedonia and schizophrenia spectrum disorders, very 
little research has examined the role of anticipatory hedonic deficit in social anhedonia; and it remains unclear 
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Table 1 | Group Difference in various scale measurements 

Control Group SocAnh Group 

n = 38 n = 28 





Mean 


SD 


Mean 


SD 


Effect size" 


t 


CSASjotal 


6.18 


2.54 


19.61 


3.49 


-4.25 


— 1 8 1 2*** 


CPASjotal 


10.97 


5.75 


16.89 


7.29 


-0.88 


-3.69*** 


SPQjotal 


22.47 


7.47 


36.68 


9.38 


-1.63 


-6.85*** 


SPQ Cognitive Perceptual 


1 1.70 


4.83 


16.4 


4.61 


-0.99 


— 3 98*** 


SPQ Interpersonal 


7.42 


2.29 


15.64 


5.35 


-1.82 


-7.08*** 


SPQ Disorganization 


4.52 


2.29 


8.62 


3.56 


-1.31 


-5.33*** 


TEPS Anticipatory Pleasure 


39.26 


6.16 


35.71 


7.33 


0.51 


2.13* 


Abstract 


20.76 


2.21 


19.18 


3.39 


0.56 


2.30* 


Contextual 


18.50 


4.66 


16.54 


5.18 


0.40 


1.61 


TEPS Consummatory Pleasure 


46.97 


7.60 


45.89 


8.39 


0.13 


0.55 


Abstract 


29.82 


4.66 


28.18 


5.64 


0.32 


1.29 


Contextual 


17.16 


3.67 


1 7.71 


4.17 


-0.14 


-0.57 


Anticipatory Rating 














MID reward 


6.90 


1.01 


6.45 


1.44 


0.35 


1.49 


MID punishment 


4.63 


1.29 


4.70 


1.72 


-0.04 


-0.19 


AID reward 


5.77 


1.76 


5.66 


1.87 


0.06 


0.25 


AID punishment 


5.16 


1.23 


5.07 


1.04 


0.08 


0.31 


Consummatory Rating*" 














MID reward 


7.32 


1.05 


7.10 


1.45 


0.17 


0.74 


MID punishment 


3.30 


1.24 


3.16 


1.37 


0.1 1 


0.44 


AID reward 


7.79 


0.88 


7.14 


1.39 


0.57 


2.19* 


AID punishment 


3.12 


1.31 


3.42 


1.06 


-0.25 


-0.99 



Note: 

Hedges' g. 
^. only applies to those hit trials. 

p < .05; 
".p<.0]; 
p< .001. 

CSAS = Chapman Social Anhedonia Scale; CPAS = Chapman Physical Anhedonio Scale; SPQ = Schizotypal Personality Questionnaire; TEPS = Temporal Experience of Pleasure Scale; AID = Affective 
Incentive Delay; MID = Monetary Incentive Delay. 



whether the same dissociation between anticipatory and consumma- 
tory hedonic experiences is also found in people with social anhedo- 
nia. Such a clarification may yield two benefits. First, it would provide 
us with insights about how early a hedonic deficit would occur in the 
schizophrenia spectrum, which could provide opportunities for early 
identification and intervention. Secondly, it would also deepen our 
understanding of the nature of anhedonia, and whether there is any 
domain-specific characteristic in social anhedonia. 

Here, based on previous findings, we recommend a behavioral 
experimental paradigm — the incentive delay task that could capture 
the dissociation of anticipatory and consummatory hedonic pro- 
cesses towards various types of stimuli. The incentive delay task 
has long been used to assess subjects' responsivity to the pursuit of 
gain and avoidance of loss'^. Its special architecture with an anticip- 
atory delay for the incentive and a feedback period after behavioral 
responses makes it particular suitable for the study of dissociation 
between anticipatory and consummatory hedonic processes. In a 
typical incentive task, participants are instructed to make a quick 
response after a delay period preceding a cue, which indicates what 
type (reward, punishment, or neutral) of feedback they might receive 
if they win. Neural activities in the delay period have been shown to 
be linked with anticipation and motivation brain regions, such as the 
nucleus accumbens and the anterior cingulate cortex'^"", and the 
response times preceding the delay reveal participants' readiness 
for response, thus serving as a behavioral index of anticipatory sens- 
itivity". On the other hand, the feedback period after the response is 
associated with participants' subjective experience of the incentives. 
Therefore, with multiple parameters, the incentive delay task could 
not only facilitate our understanding of the nature of anhedonia at 
the behavioral level, but also allow examination of the "active" pat- 
tern of motivational and hedonic systems. 



However, previous studies using incentive delay tasks relied heav- 
ily on the monetary incentive type, which might not be analogous to 
our daily emotive environment'". In the present study, we developed 
a modified affective incentive delay (AID) task to investigate the 
nature of social anhedonia. The AID task" utilizes direct emotional 
stimuli from the International Affective Picture Set (lAPS)^" rather 
than monetary incentives. The diverse nature of the lAPS affords us 
an opportunity to look into specific domains of emotional respon- 
sivity, such as responses to social affective images. A specific emo- 
tional image set with social significance (e.g. reflecting social 
interaction, affiliation, and activities, etc.) was selected from the 
lAPS in this study. We employed both the monetary incentive delay 
(MID) task and the AID task to examine differences in the motiva- 
tional patterns to various incentive types in individuals with higher 
and lower levels of social anhedonia. We aimed to test whether the 
dissociation of anticipatory and consummatory anhedonia pattern is 
relevant in social anhedonia, and how this "anhedonia paradox" 
would be reflected at the behavioral level. 

If the "anhedonia paradox" were relevant in social anhedonia, we 
would expect to observe decreased sensitivity to pursue positive 
feedback in the incentive delay tasks in terms of RTs and subjective 
forecasting, but intact ability to experience the affect of feedbacks in 
the tasks in terms of subjective ratings, in individuals with elevated 
social anhedonia. Moreover, we also postulated that the AID task 
would be more sensitive than the MID task in detecting such a 
pattern. 

Results 

Self-report measures. As revealed in Table 1, significant differences 
between the control and SocAnh groups were observed in the scores 
of the Chapman Social Anhedonia Scale (CSAS; t(64) = — 18.12, p < 
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Table 2 1 Mean (SD) of RTs and difference of RTs in the 


MID and AID 


tasks 










P° 


MID RTs (ms) 






Reward 


199.19(15.35) 206.73(41.86) 


T 1 r\ 
.o \ u 


Punishment 


202.83(18.74) 206.68(41.14) 


A 1 1 
.O 1 1 


Neutral 


226.69(24.88) 233.26(30.08) 


.o JO 


Reward vs. Neutral 


-27.49 (23.32) -26.53 (26.76)) 


.0/ O 


Punishment vs. Neutral 


-23.86 (17.43) -26.58 (23.70) 




AID RTs (ms) 






Reward 


208.84 (22.93) 226.63 (37.13) 


.019 


Punishment 


213.66 (19.61) 224.91 (33.69) 


.093 


Neutral 


217.64(23.10) 221.40(24.61) 


.527 


Reward vs. Neutral 


-8.80(11.37) 5.23(18.43) 


<.001 


Punishment vs. Neutral 


-3.98 (12.29) 3.51 (18.81) 


.055 


Note: 






simple effects between grou 


3S with Bonferroni correction. 




AID = Affective Incentive Delay; MID = Monetary Incentive Delay. 





.001) and the Chapman Physical Anhedonia Scale (CPAS; t(64) = 
-3.69,p < .001); the cognitive perceptual (t(64) = -3.98, p < .001), 
interpersonal (t(64) = ~7.08, p < .001), disorganization (t(64) = 
— 5.33, p < .001), and total scores of the Schizotypal Personality 
Questionnaire (SPQ; t(64) = —6.85, p < .001); as well as the 
Temporal Experience of Pleasure Scale (TEPS) anticipatory 
pleasure scores (abstract: t(^) = 230, p < .05; total: f(64) = 2.13, p 
< .05). However, there was no difference between these groups in the 
TEPS consummatory pleasure scores, and in anticipatory and 
consummatory ratings in the MID task. For the AID task, 
although the SocAnh and the control groups did not differ in 
anticipatory pleasure ratings, SocAnh individuals had reduced 
positive affect after receiving a reward (t(64) = 2.19, p < .05). 

MID and AID task accuracy. The overall proportions of successful 
presses (accuracy, ACC) during target presentation did not differ 
between the AID (66.0% ± 7.6%) and the MID (67.1% ± 4.9%) 
tasks. Performance in both tasks did not differ between the 
SocAnh group (ACC aid = 65.9% ± 4.3%, ACCmid = 66.1% ± 
5.3%) and the control group (ACCaid = 66.1% ± 9.2%, ACCmid 
= 68.1% ± 5.2%). Furthermore, ACC did not differ between the two 
groups under reward, punishment, or neutral conditions in both 
tasks (allps > .05). 

Reaction times in MID and AID tasks. A primary 2 (incentive type: 
monetary vs. affective) X 2 (group: SocAnh vs. control) X 3 
(condition: reward vs. punishment vs. neutral) repeated-measure 
ANOVA showed that incentive type had a significant main effect 



on participants' RTs (F(i,64) = 12.00, p < .01, r|^p = .158), which 
were generally shorter for the MID task (M = 212.56 ms) than the 
AID task (M = 218.85 ms). Experimental conditions also had a 
robust significant main effect on RTs (-F(2,64) = 40.22, p < .001, 
r|^p = .386), which were shorter under reward condition (M = 
210.35 ms) than under neutral condition (M = 224.75 ms). 
Although group had no apparent main effect on RTs (f(i,64) = 
1.86, p = .18, r|^p = .028), marginal significant interactions were 
observed between incentive type, experimental condition, and 
group (F(2,57) = 3.04, p = .051, t]'^ = .045). 

To delineate specific effects, additional 2 (group: SocAnh vs. con- 
trol) X 3 (condition: reward vs. punishment vs. neutral) repeated- 
measured ANOVAs were applied to the MID and the AID tasks 
separately. In the MID task, only condition had a significant effect 
(F(2_64) = 71.55, p < .001, i"i^p = .528), while no other main effect or 
interaction effect was observed. Therefore, in the MID task, partici- 
pants generally reacted more quickly in the reward and punishment 
conditions compared with the neutral condition, as shown in Table 2. 
However, in the AID task, condition and group did not have a sig- 
nificant main effect, while a salient interaction effect was observed 
(f(2.64) = 7.21, p < .01, ri^p = .186). Post hoc analysis with 
Bonferroni adjustment showed that the RTs were significantly dif- 
ferent between the reward and the neutral conditions in the control 
group (Reward vs. Neutral: —8.80 ms, p = .001), indicating higher 
anticipatory sensitivity to pursue positive social affective outcomes in 
normal healthy controls. However, the SocAnh group did not exhibit 
such a pattern (p = .197). In addition, the SocAnh group reacted 
significantly more slowly than the control group in the reward con- 
dition (SocAnh vs. Control: 17.79 ms,p = .019), indicating a dimin- 
ished sensitivity to pursue positive feedback in socially anhedonic 
individuals, compared to the controls. 

Again for differences in RTs, the SocAnh group showed a larger 
difference between the reward and neutral conditions than the con- 
trol group in the AID task {p < .001). However, no such pattern was 
observed in the MID task (see Table 2). 

Correlation analysis. Correlations between variables of interest were 
summarized in Table 3 . Differences in RTs in the AID task were more 
correlated with self-reported measurements than those in the MID 
task. In particular, differences in RTs between the reward and neutral 
conditions in the AID task were positively correlated with CSAS (r = 
.404,p = .001) and SPQ (r = .253,p = .035) scores. The anticipatory 
and consummatory pleasure scores in the TEPS did not correlate 
with behavioral performance in both the MID and AID tasks. 
However, the TEPS anticipatory pleasure score was negatively 
correlated with CSAS (r = .281, p = .019) and CPAS (r = -.356, 
p = .002) scores, while the TEPS consummatory pleasure score was 
correlated only with the CPAS score (r = -.499,p < .001). 



Table 3 | Correlation among variables of interests 

1 


2 


3 


4 


5 


6 


7 8 


1 . MID Reward vs. Neutral 
















2. MID Punishment vs. Neutral 


.826** 














3. AID Reward vs. Neutral 


.250* 


.182 












4. AID Punishment vs. Neutral 


.103 


.261* 


.547** 










5. CSAS 


.078 


-.024 


.404** 


.177 








6. CPAS 


.029 


-.028 


.024 


.046 


.383** 






7. SPQ total 


-.063 


-.104 


.253* 


.147 


.745** 


.319** 




8. Anticipatory pleasure 


-.048 


-.097 


.1 10 


-0.016 


.281* 


-.356** 


-.126 


9. Consummatory pleasure 


.022 


-.018 


.155 


.100 


.055 


- 499** 


.043 .559** 


Note: MID = Monetary Incentive Delay task; AID — 
Questionnaire; 
•. p < .05; 
p < .01. 


Affective Incentive Delay task; CSAS - 


Chapman Socia 


Anhedonia Scale; CPAS - 


- Chapnnan 


Pfiysical Anfiedonia 


Scale; SPQ - Schizotypal Personality 
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Table 4 | Demographic information and cognitive functionalities 

Control Group 


SocAnh Group 




P 


Gender 










male 


13 


11 


0.18 


.70 


female 


25 


17 






Age 


20.58(1.95) 


20.89(2.2 1 ) 


-0.61 


.55 


WAIS-R, estimated IQ 


128.79(4.59) 


128.82(5.80) 


-0.03 


.98 


WMC 


2.86(0.57) 


2.69(0.66) 


1.13 


.26 


Simple RT (ms) 


221.12(23.40) 


217.87(19.17) 


0.42 


.68 


Note: WAIS-R = Wechsler Adult 


Intelligence Scale; WMC = Working Memory Capacity; RT = Reaction Time. 









Discussion 

This study provides the first behavioral evidence showing domain- 
specific anticipatory and consummatory hedonic deficits in indivi- 
duals with social anhedonia. Although there was no difference in 
anticipatory ratings for incentives between the SocAnh and the con- 
trol groups, in agreement with the anticipatory deficit theory, 
SocAnh individuals exhibited diminished anticipatory responsivity 
towards social affective rewards in terms of having slower RTs in the 
reward (vs. neutral) condition. In addition, after controlling for par- 
ticipants' IQ scores, WMC, and simple RT, we found that the SocAnh 
group performed as well as the control group in the MID task, sug- 
gesting that SocAnh individuals had intact motivational functions. 
However, they performed worse in the AID task, which included 
social affective images as incentives. These results suggest that the 
anticipatory deficits in individuals with social anhedonia may be 
domain-specific (limited to social affective stimuli). 

Contrary to the "anhedonia paradox," we found that SocAnh 
individuals had significantly reduced affect ratings towards positive 



social stimuli, but not towards monetary incentives. In fact, this 
finding is consistent with previous studies showing that social anhe- 
donia is associated with reduced self-report positive affect and less 
emotional responsivity and expressivity'-^'. However, this is not gen- 
eralizable to every incentive type. This is probably because the utility- 
based monetary incentives are more individual-relevant than social 
affective stimuli. Studies have found that money could prime an 
individualistic mindset and decrease distress with social exclusion^^. 
Therefore, it is possible that monetary incentives empowered parti- 
cipants' sense of self-focus, which motivated them to seek for more 
monetary rewards and avoid monetary losses. Alternatively, SocAnh 
individuals might also have a higher "hedonic threshold" for social 
affective information than for monetary incentives, resulting in lower 
consummatory ratings for social affective rewards. 

The results so far confirmed the sensitivity of AID measurements 
for the detection of individual differences in anticipatory sensitivity 
and consummatory hedonic experience in those with elevated social 
anhedonia. However, Smoski and colleagues" found that monetary 



MID 



AID 



Reward 




PunishmGnt 




How would you 
anticipate feeling 
about the feedbacl<? 

12345678 9 



Neutral 





How do you actually 
feel about the 
feedback? 

12345678 9 



Cue 
250 ms 



Anticipatory Rating 
Until Response 



Anticipation Target 
2,000 - 2,500 ms Adjusted 



Feedback 
IVIID: 1,650 ms; AID: 3,000 ms 



Consummatory Rating 
Until Response 



Figure 1 | Sample trials of monetary incentive delay (MID) and affective incentive delay (AID) tasks under reward, punishment, and neutral 
conditions. Each trial consists of a cue (250 ms), an anticipatory rating task for possible feedback (until response), an anticipatory delay period 
(2,000-2,500 ms), a target display period (150-500 ms, adjusted according to individual mean response times), and a feedback display (MID, 1,650 ms; 
AID, 3,000 ms), and a consummatory rating task for the actual feedback (until response). A triangular cue indicates a positive trial, a square indicates a 
negative trial, and a circle indicates a neutral trial. For the rating scale, 1 = "not happy at aU," 9 = "very happy." Images applied in the AID task were 
drawn from the lAPS. However, the images in this figure are not from the lAPS, but are comparable to the ones used in the task. We appreciate the 
contribution of this figure by Mr. Weizhen Xie. Images in this figure were taken by Mr. Wiezhen Xie and coauthors. 
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incentives, compared with affective images, resulted in greater 
activation of motivation-related brain regions in major depression. 
Here we postulate that this may be a result of different paradigm 
architecture and stimuli nature. In their study, the AID task included 
only two conditions (reward and neutral) with the positive images set 
that did not guarantee social significance. In addition, patients with 
major depression are not expected to produce the same results as 
individuals with social anhedonia. For instance, Pechtel and coUea- 
gues^^^ showed that individuals with remitted depression had blunted 
reward responsiveness towards both monetary and social feedback. 
However, different from this overall decrease in reward responsive- 
ness in depression, socially anhedonia individuals might have a more 
domain- specific deficit. Delineating such a different pattern could 
facilitate specific and effective interventions for social anhedonia. 

The observed effects of anticipatory and consummatory hedonic 
deficits in individuals with social anhedonia have clear relevance. 
First, it provides the first experimental evidence for anticipatory 
hedonic deficit in people with social anhedonia, and also supports 
the observation that the "in-the-moment" hedonic experience 
toward social affective rewards is also compromised in individuals 
with schizophrenia- spectrum pathology. It therefore further sup- 
ports the social- specific hedonic deficit theory which states that emo- 
tion deficits are largely restricted to specific types of stimuli or 
specific domains^\ Thus, the "anhedonia paradox" observed in the 
literature might be biased by extensive focus on physical anhedonia. 
Further, as mentioned above, our results may provide insight for 
possible interventions for social anhedonia. A guide to increase 
motivation for social interaction as well as affective experience is 
recommended to be included in the therapeutic efforts to bring 
changes to both trait and state social anhedonia^*. 

This study had several limitations. First, our relatively small sam- 
ple size (N = 476) might have introduced bias in the subsequent 
laboratory study. A larger representative sample from various 
sources is needed for future study. Secondly, the correlative nature 
of this study precluded the identification of causal relationships 
between anticipatory and consummatory hedonic deficits, social 
anhedonia, and schizotypal personality symptoms. A longitudinal 
study design would better address these issues. Furthermore, future 
exploration should take into account the difference between physical 
and social anhedonia. Another independent sample with higher 
physical anhedonia would be helpful in delineating whether the def- 
icits in AID task are only limited to SocAnh individuals. Finally, the 
present study was limited to behavioral measures. It would be inter- 
esting to examine the potential distinct neural mechanisms of anti- 
cipation and consummation of social vs. monetary rewards in 
individuals with social anhedonia. 

Methods 

Participants. Subjects were selected from 206 males and 270 females from different 
departments at a university in Beijing who completed a set of questionnaires, 
consisting of the Chinese version of the revised Chapman Physical Anhedonia Scale 
(CPAS) and the revised Chapman Social Anhedonia Scale (CSAS)^^. This survey was 
administered in a large group format in classes. The ethics committee of the Institute 
of Psychology, Chinese Academy of Sciences approved this study, and students who 
agreed to take part in the study completed the survey after giving written informed 
consent. 

Based on CSAS scores, two groups of individuals were selected, namely, a socially 
anhedonic (SocAnh) group and a control group. The SocAnh group consisted of 
participants who scored beyond 1.28 SD (upper 10%) from the same-sex sample 
mean on the CSAS, while the control group was selected randomly from those scored 
no higher than 0.5 SD off the same-sex sample mean. In our sample (n — 476), the 
mean CSAS scores for males and females were 11.45 (SD — 6.81) and 10.26 (SD — 
6.18) respectively, which were consistent with a previous study that sampled 870 
Chinese college students^^. 

Afterwards, potential participants were invited to take part in a laboratory study 
with monetary compensation. Those who eventually participated in the study gave 
their informed consent and were screened for personal or family history of physical 
diseases and mental disorders. The final sample consisted of 28 SocAnh participants 
and 38 controls. There was no significant difference in gender, age, estimated IQ, 
working memory capacity, and simple reaction time between the SocAnh and the 



control groups (see Table 4). In addition, there was no difference in terms of CSAS 
and CPAS scores and age {ps > .05) between participants who agreed to take part in 
the subsequent study and those who did not. 

Procedure and measures. Prior to the tasks, the abridged Chinese version of the 
Wechsler Adult Intelligence Scale (WAIS-R)^^ was administered to estimate 
participants' IQ scores. Afterwards, participants completed the standardized change 
localization task^^ to measure their working memory capacity (WMC). In addition, a 
simple reaction time (RT) task was also applied to the subjects. They were asked to 
press a button as soon as they saw a target on the screen (30 trials). Estimated IQ, 
WMC, and simple RT were measured to ensure that any possible group differences in 
terms of RTs could not be attributed to differences in intellectual abilities, cognitive 
maintenance capacity, and motor preparation. Subsequently, participants completed 
the MID and the AID tasks and fiUed out self-reported questionnaires, and were then 
debriefed. The sequence of these two tasks was counterbalanced across participants. 

Monetary incentive delay (MID) task. In the MID task, participants received points of 
reward or loss based on RTs to the target^^. The cumulative number of points was 
transformed into money at the end of the study^^. Under the reward condition, 
participants received five points for a win and 0 point for a loss. Under the punish- 
ment condition, participants received 0 point for a win but could avoid the loss of five 
points. Under the neutral condition, participants received 0 point for their per- 
formance, regardless of RTs. Participants were required to respond as quickly as 
possible in each trial. Task conditions and trial timing are summarized in Figure 1. 

Each trial consisted of: (1) a 250 ms cue indicating the conditions of reward, 
punishment, or neutral; (2) anticipatory rating to possible result of the trial in which 
participants reported how they anticipate feeling about the feedback from "not happy 
at all (—1)" to "very happy ( — 9)" on a 9-point scale; (3) delay period during which a 
white cross was presented for 2000-2500 ms; (4) the appearance of a blue target 
requiring rapid press of a button on the keyboard, the duration of which was adjusted 
on the basis of the individual's mean RT and accumulative ACC in the previous trials 
to guarantee a total accuracy rate of approximately 66.7%; (4) a 1 650-ms feedback that 
indicated whether the performance was a "win" and displayed the number of points 
gained or lost along with accumulative points; and (5) a consummatory rating in 
which participants were asked on a 9-point scale to report how they actually felt when 
they saw the feedback from "not happy at aU ( — 1)" to "very happy ( — 9)." Each 
participant completed 30 trials under each condition, presented in a random 
sequence with breaks in every 30 trials. 

Revised affective incentive delay (AID) task. Similar to the MID task, the revised AID 
task also had three conditions. Under the reward condition, participants were pre- 
sented with a positive image when their RTs were sufficiently short or otherwise a 
neutral image. Under the punishment condition, participants saw a negative image 
when their RTs were not sufficiently short or otherwise received a neutral feedback. 
Under the neutral condition, participants saw a neutral image regardless of RTs. The 
basic architecture of trial timings was similar with the MID task, except that the 
feedback period was longer (3000 ms) to ensure the emotion- eliciting effect of the 
images (see Figure 1). 

A pilot study with 54 participants (27 males) tested and validated the images in 
terms of valence and arousal on a 9-point scale^". For the positive and negative images, 
they were also rated for whether the image included social factors (social interaction, 
e.g. parents play with babies; affiliation, e.g. intimate couples; and activities, e.g. family 
union), ranging from "don't include social factors ( — 1)", "not sure ( — 2)", and 
"include social factors ( — 3)." Satisfying images were those with social factors, which 
included 30 positive images and 30 negative images. We also selected 30 neutral 
images. The pleasant images had a mean (SD) normative valence and arousal ratings 
of 7.41 (0.33) and 6.08 (0.54), respectively, including social scenes and photographs of 
children or adults. The unpleasant images had a normative mixed-gender mean (SD) 
valence and arousal ratings of 2.50 (0.34) and 6.31 (0.36), respectively, including 
social scenes and images of crying babies and sad faces. The neutral subset included 
images of everyday objects, such as a cup, bottle, and lamp, with a normative mixed- 
gender mean (SD) valence and arousal ratings of 5.07 (0.29) and 3.41 (0.22), 
respectively. 

Revised Chapman Social Anhedonia Scale (CSA5). This scale assesses deficits in the 
ability to experience pleasure from non-physical stimuli such as other people, talking 
or exchanging expressions of feelings. It contains 40 True-or- False items, and a higher 
score on the CSAS indicates more severe social anhedonia. 

Revised Chapman Physical Anhedonia Scale (CPAS). This scale was designed to 
measure a deficit in the ability to experience pleasure from typical physical stimuli 
such as food, sex, and settings. It contains 61 True-or-False items, and similarly, high 
scores indicate severe physical anhedonia. Both of the Chinese versions of the CSAS 
and the CPAS were tested and validated by Chan and colleagues^^.The Cronbach's 
alpha coefficient of CSAS and CPAS were .84 and .80 respectively. 

Schizotypal Personality Questionnaire (SPQ). Modeled on the DSM-III-R criteria for 
schizotypal personality disorder^^, the SPQ was widely used to screen for schizotypal 
personality disorder in the general population^". Higher scores mean greater severity 
in schizotypal personality symptoms. The Cronbach's alpha coefficient was .89 in the 
study. 
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Temporal Experience of Pleasure Scale (TEPS). This scale measures individual trait 
dispositions in both anticipatory and consummatory experiences of pleasure. We 
used the Chinese version of the TEPS^", which has 20 items capturing four factors: 
consummatory contextual, consummatory abstract, anticipatory contextual, and 
anticipatory abstract. Higher scores suggest better hedonic capability. The 
Cronbach's alpha coefficients were .74 for the whole scale and .60-. 76 for the four 
factors. 

Data analysis. Statistical analyses were performed using SPSS (17.0 for Windows; 
SPSS Inc., Chicago, XL, USA). Raw RTs and differences in RTs were analyzed using 
repeated-measures ANOVA. For each individual, trial RT > 3 SDs above the 
individual mean RT or below 100 ms were excluded. Smaller differences in RTs 
indicate stronger anticipatory responsivity to pursue positive feedback (Reward V5. 
Neutral) or avoid negative feedback (Punishment V5. Neutral). 
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